A reliable analytical method for the simultaneous determination of famoxadone and 14 oxathiapiprolin dissipation kinetics, as well as the metabolites of oxathiapiprolin (IN-E8S72 and 15 IN-WR791) in tomato and soil was developed. We studied the dissipation of famoxadone and 16 oxathiapiprolin in tomatoes grown using different kinetic curves in the area of Beijing in 2015 and 17 2016. Our results show that the most suitable model for two fungicides in 2015 and 2016 was 18 first-order kinetic and second-order kinetic with the half-lives 3.4 to 5.2 and 2.4 to 3.0 days,
INTRODUCTION

31
With a global production of 172 million tons in 2014 and an increase of 35% between 2004 and 32 2014, tomato is one of the most important vegetable crops in regard to human consumption. 1 The fruits 33 rich in nutrients can be eaten uncooked or cooked and processed as e.g. ketchup, juice, and puree. 2 In 34 order to increase yield of tomatoes and to control unwanted pests and diseases, pesticides are 35 continuously and intensively applied in tomato agroecosystems. 3 However, humans may inhale and 36 ingest pesticides that reach non-target areas through wind drift, surface runoff, leaching, and 37 bystander. 4 More importantly, pesticide residues in vegetables through consumption may lead to higher 38 exposure for human. 5, 6 In particular, tomatoes are usually less processed before consumed. Maximum
39
Residue Limits (MRLs) have been established by several national monitoring organizations (e.g.,
40
European Commission and Codex Alimentarius Commission) to reduce human exposure dose to 41 pesticides and ensure that the consumption of crop products is within acceptable risk levels. However,
42
MRLs of major pesticides are often established based on limits of determination (LOD) and acceptable 43 daily intake (ADI). The understanding of pesticide distribution in the environment and potential 
49
A number of studies on the dissipation of pesticides in the crops have been reported. 9-13 However, crop-environment system using dynamiCROP can be helpful to clarify the black box of 75 pesticide-plant-environment system and reduce human exposure to the residue of famoxadone and 76 oxathiapiprolin in tomatoes.
77
In this study, we defined four main goals. First, we develop an analysis method for oxathiapiprolin, (Table S1 ). With respect to pesticide dissipation in tomato,
92
there was one test treatment and one control treatment. The test treatment consisted of three parallel 93 plots, and each plot was 30 m 2 . No pesticide was sprayed in the control treatment during the whole 94 period of tomato growth.
95
The suspoemulsion of 330 g/L famoxadone and oxathiapiprolin was dissolved in water and 96 sprayed at active constituent level of 165 g a.i./ha (gram of active gradient per hectare, the 97 recommended dosage). About 2 kg tomato samples and 1 kg soil samples were collected at random 98 from several points in each plot at 2 h and 1, 2, 3, 5, 7, 10, 14, 21, 30 (only soil) and 45 (only soil) days 99 after pesticide application. The collected samples of tomato were homogenized with a blender (Philips,
100
China). All samples were stored in a deep freezer at below -18°C until analysis.
101
Data Analysis. Most of the considered studies reported that dissipation trends of pesticides in 102 plants fit to pseudo-first-order kinetics, e.g. Zhang et al., 29 according to the following general equation: 103 C(t) = C0 × e -kt (1) 104 where C(t) is the pesticide residue concentration (mg/kg) at the time t (days) between pesticide 105 application and harvest of tomatoes, C0 is the initial concentration (mg/kg) during pesticide 106 application time and k represents the constant dissipation rate coefficient (day -1 ).
107
The corresponding half-life (t1/2) of pesticides was calculated by using the following equation: 108 t1/2 = (ln 2)/k (2)
109
However, the dissipation process of pesticides in plants does not only include degradation, but 110 also growth dilution and volatilization. 24 Meanwhile, there is also uptake of pesticides from soil 111 into plants which will lead to a negative dissipation in the crops in particular for polar compounds 112 low octanol-water partition coefficient (Kow 
120
In the present study, we fitted the measured residual concentration data of famoxadone and 121 oxathipiprolin in tomatoes and soil at different points in time after application to zero-order, half-order,
122
first-order, one-and-a-half-order, second-order, root function first-order, root function 
135
Based on his reports, we researched the input data that our model relied on.
136
Substance -specific input data. Most frequently reported substance properties to be relevant for 137 pesticide dissipation modeling are partition coefficients Kow, air-water partition coefficient (Kaw) and
138 half-lives in plants and soil along with molar mass and application mass. Kow is a key parameter for 139 the root uptake and subsequently translocation in xylem. The polar contaminants (low Kow) are readily soluble in soil pore water, taken up by roots and translocated to stems, leaves and fruits. 30 For the 141 leaves role in plant physiology, they have a very high exchange with air, and the volatile contaminants 142 (high Kaw) will escape from leaves into air, which demonstrates the significance of Kaw for 143 calculation of the accumulation in leaves. The degradation or total dissipation rate is a key variable and 144 half-life (t1/2) as an intuitive input parameter is relevant to dissipation kinetic or degradation rate 145 coefficient (k). In our study, the half-lives of famoxadone and oxathiapiprolin in tomatoes (n=10) and 146 soil (n=12) were derived from dissipation data obtained in the field study, which are shown in the SI
147
(Section S4). Besides that, some other parameters (e.g. substance CAS number, IUPAC name, treat 148 plant components, application rate and formulation) recommended by Fantke et al. 33 to be applied in 149 future testing study and kinetic models were also presented in the SI (Table S2 ). These data have been 150 identified being of high relevance for developing plant bioaccumulation models.
151
Crop-specific input data. Tomato fruit-specific input parameters mainly related to plant lipid,
152
water contents, growth rates, and transpiration stream. Plant lipid or water contents directly impact the 153 transportation, partition and accumulation of polar or non-polar substances in different components.
154
The plants with height above 40 cm are rarely affected by soil particle attachment through rain 155 splashing, 34 which was as a major transfer pathway for most persistent lipophilic contaminants to 156 leaves. 35 the sorption of anionic chemicals. 40, 41 Beyond that, extreme pH (high or low), will lead to reduced 177 growth, and this may be accompanied by reduced uptake of contaminants. 30 These parameters (SI,
178
Table S1) were all recommended to be applied in future testing study and kinetic models. 187 are showed in the SI (Table S3 ). According to the results, the most suitable model for two fungicides in 
200
The initial concentrations of famoxadone in tomatoes were 0.2135 and 0.1820 mg/kg in 2015 and 201 2016, respectively. The initial concentrations between the two years were different, which may be 202 caused by the different planting densities or uneven spraying in different years. The half-lives during 203 the two years were 3.4 and 5.2 days, respectively, as calculated according to Table S3 (SI). The reason 204 for different half-lives in two years may be that the precipitation of 2016 is slightly less than 2015. 
210
(in or on matrix, in field or greenhouse) were also reported, the mean half-lives were 6.3-12.3d. The
211
comparative results showed that the half-lives in fruit crops (18 days in grapes in field or 8.3 day in 212 tomatoes in greenhouse) were longer than leaf crops (6.3 days in spinach and 9.7 days in watermelon 213 leaves in field or 7.7 day in spinach in greenhouse), in crops (18 days in grapes in field) longer than on 214 crops (12.3 days on grapes in field) and in greenhouse (7.7 days in spinach in greenhouse) longer than 215 in field (6.3 days in spinach in field). Pesticides are more easily washed off by rain and loss to air 216 through stomata in leaves, so they dissipate more quickly in leaves than in fruits. Besides, the 217 compounds on the surface of fruit are not only easily washed off by rain, but also may be decomposed Table S1 ). 
245
Their study showed that the crop degradation rate is one of the 10 input parameters, for which model 246 output varies the most across pesticides and crops. In contrast, soil degradation was shown to be a 247 driving parameter only for root and tuber crops (e.g. potato), but not for other crops. This is consistent 248 with our results, where the influence of soil degradation is of minor influence for model output for 249 tomato. Based on that finding, we chose the result of one year (2015) for further analysis. Figure 2 shows the modeled mass evolution of famoxadone and oxathiapiprolin in tomato.
251
Compared with Figure 1 , Figure 2 shows that mass evolution of famoxadone and oxathiapiprolin was 252 more complex in the fruit ecosystem. For tomato fruit, there was not only mass exponential decrease,
253
but also the rapid decrease in fruit surface deposits and subsequent increase in fruit interior. During the 254 initial term, famoxadone entered quickly into the air, soil, leaf surface, fruit surface, leaf, and fruit, and 255 then degraded rapidly in the air, leaf surface, and fruit surface. In the air, leaf surface and fruit surface 256 compartments, the residue residence time was less than 1 d (see Table 1 ). Famoxadone started to appear 
264
For famoxadone, maximum mass ranged from 8.5 × 10 -6 kg/m 2 in leaf after 0.3 d to 2.1 × 10 -7 kg/m 2 in 265 stem after 17 d. For oxathiapiprolin, the maximum mass ranged from 7.5 × 10 -7 kg/m 2 in leaf after 1 d 266 to 2.9 × 10 -8 kg/m 2 in root after 3 d. Then the mass of the pesticide decreased exponentially until 267 harvest. There were various reasons for the decrease of pesticide residue, we have explained above.
268
When finally looking at the long-term system behaviors in Figure 2 , we realized that the mass of 269 pesticides in all compartments continued to decrease, and the overall system dynamics is driven by a 270 single compartment with the highest residual mass, namely both leaf for famoxadone and 271 oxathiapiprolin, which corresponds to the longest overall residence time in Table 1 . fruits, were 7.4 gin harvest kgapplied -1 for famoxadone and 7.8 gin harvest kgapplied -1 for oxathiapiprolin. The physico-chemical properties and the applied quantities were the two factors used for modeling the 295 evolution of pesticide residues. 9 However, for the low final concentrations of the residues of the two 296 pesticides, there was no much difference between the harvest fractions of famoxadone and 297 oxathiapiprolin.
298
Modeled intake fractions, i.e., the fractions of applied pesticide masses that are potentially 299 ingested through crop consumption, were 3.5 × 10 -3 kgintake kgapplied -1 for famoxadone and 3.7 × 10 -3 300 kgintake kgapplied -1 for oxathiapiprolin, which were accounted for by the food processing factor of 0.47 for 301 washing. Variability in intake fractions mainly depended on residue degradation in crops, apart from 302 food processing. For tomato, human intake fractions across pesticides usually vary between 1 303 µgintake/kgnapplied and 10 gintake/kgapplied. 14, 21 Our results fall well within this range. 9  10  11  12  13  14  15  16  17  18  19  20   GRAPHIC FOR TABLE OF CONTENTS  21 22
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